Objective Because of the high prevalence of silent cerebral infarcts (SCIs) in adults with sickle cell anemia (SCA) and lack of information to guide treatment strategies, we evaluated the risk of recurrent SCIs and overt stroke in adults with SCA with preexisting SCI.
Methods
This observational study included adults with SCA (HbSS or Sβ 0 thalassemia) aged 18 to 40 years. Participants received 3-tesla brain MRI and a detailed neurologic examination. Time-toevent analysis assessed those with or without baseline SCI and with new or progressive infarcts. The incidence rate of new events was compared by log-rank test. Univariable Cox regression assessed the association of SCI with infarct progression.
Results
Among adults with SCA with 2 MRIs and at least 6 months between MRIs (n = 54, mean interval = 2.5 years), 43% had SCI at baseline. Of participants with baseline SCI, 30% had new or progressive SCI over 2.5 years compared to 6% with no SCI at baseline; no participant had an overt stroke. New SCIs at follow-up were present in 12.9 per 100 patient-years with existing SCI compared with 2.4 per 100 patient-years without prior SCI (log-rank test, p = 0.021). No statistically significant differences were seen among those with or without baseline SCI in use of hydroxyurea therapy, hydroxyurea dose, or other stroke risk factors. The presence of SCI was associated with increased hazard of a new or progressive infarct (hazard ratio 5.27, 95% confidence interval 1.09-25.51, p = 0.039).
Conclusions
Silent infarcts in adults with SCA are common and are a significant risk factor for future silent infarcts. Silent cerebral infarcts (SCIs) are the most common permanent neurologic injury in children and adults with sickle cell anemia (SCA), occurring in 39% and 50% of individuals with SCA by age 18 and 30 years, respectively.
1,2 SCI prevalence increases from childhood to adulthood. In children with SCA, SCIs are associated with a mean 5 full-scale IQ point decrement, poor academic performance, and future overt strokes. 3, 4 For adults with SCA and SCIs, cognitive morbidity and influence on socioeconomic status have not been extensively studied. Given the high prevalence of SCIs in SCA, coupled with evidence that SCI is a risk factor for future silent and overt strokes in children with SCA, 5 we prospectively tested the hypothesis that adults with SCA and SCIs have a significantly higher risk of SCI or overt stroke recurrence relative to adults with SCA without SCI or overt stroke.
Methods
Adults with SCA (referred to here as either HbSS or HbSβ 0 thalassemia phenotypes), aged 18 to 40 years, were enrolled in a longitudinal observational study from September 2014 to September 2017 with focus on developing novel imaging methods capable of predicting SCI and infarct risk. Each participant received 3-tesla (Philips Healthcare, Best, The Netherlands) MRI of the brain, magnetic resonance angiography of head and neck without contrast, and a neurologic examination by the study neurologist. Two board-certified neuroradiologists independently recorded neuroimaging findings including presence of existing cerebral infarcts (lesion at least 3 mm in 1 dimension and visible in 2 planes on T2-weighted fluid-attenuated inversion recovery images) and intracerebral hemorrhage according to prior established MRI criteria. 5 They documented new infarcts and progression of previously identified infarcts that increased by 3 mm along any linear dimension on MRI. 5 Disagreements were resolved by consensus. If detailed neurologic examination was normal or an abnormality on neurologic examination could not be explained based on location of the infarct-like lesion, infarcts were judged to be silent. 5 Exclusions were prior stroke, regular blood transfusions, or not having 2 MRIs at least 6 months apart. Data analysis was performed using SPSS version 24.0 (IBM, Armonk, NY). Participant characteristics were described by mean and SD for continuous measures and by number and percent for categorical measures. A 2-sided p value ≤0.05 was considered statistically significant. Time-to-event analysis with a log-rank test assessed those with or without SCI at baseline for a new or progressive infarct. The small sample size and low fraction of events of 17% (9 in 54 patients) precluded multivariable Cox regression with all covariates; instead, we used univariable Cox regression with clinically relevant covariates to assess their association with progression.
Standard protocol approvals, registrations, and patient consents Written informed consent was obtained from all participants; the study was approved by the Vanderbilt University institutional review board.
Data availability
Anonymized data not published within this article will be made available by request from any qualified investigator.
Results
The study population included 80 adults with HbSS (89%) or HbSβ 0 thalassemia (11%) out of 107 individuals with either phenotype, aged 18 to 40 years, followed in the adult sickle cell disease clinic at Vanderbilt University Medical Center (figure 1). Of these 80 participants, 100% had a study MRI and 72 (90%) had a baseline screening clinical MRI as part of 19%) were excluded because of preexisting overt strokes. Fifty-four (68%) participants were analyzed: mean age = 26.9 years, 100% black, 31 (57%) with no SCI at baseline, and 23 (43%) with SCI at baseline.
With a mean interval of 2.5 years between MRIs, 30% (7/23) with SCI at baseline had new or progressive SCI compared to 6% (2/31) with no SCI at baseline. No overt strokes occurred during the follow-up period of 137 patient-years, consistent with the overt stroke risk of 1 per 100 person-years in this age range. 6 At the time of the initial and follow-up MRI, 80% (43/54) were receiving hydroxyurea therapy. Kaplan-Meier curves show the time-to-event data in those with and without SCI at baseline (figure 2). In the subgroup that progressed, 78% (7/9) were treated with hydroxyurea with a mean dose of 22.0 mg/kg/d; however, only 4 of 7 were judged adherent to therapy with an increase in the mean cell volume (MCV) from baseline to last MCV of 10.0 fL or more. One was nonadherent and 2 were equivocal with increase in MCV of 5 to 9.9 fL. No statistically significant differences were seen based on intracranial or extracranial artery stenosis, hydroxyurea dose, baseline laboratory measures, or stroke risk factors among those with or without SCI at baseline (table).
In this cohort of young adults with SCA, new SCIs were present in 12.9 per 100 patient-years in those with existing SCI compared with 2.4 per 100 patient-years in those without prior SCI or overt stroke (log-rank test, p = 0.021). Using univariable Cox regression analysis, baseline SCI was associated with increased hazard of a new or progressive infarct (hazard ratio 5.27, 95% confidence interval [CI] 1.092-25.51, p = 0.039). Use of hydroxyurea therapy throughout the follow-up period was not protective (hazard ratio 0.27, 95%
CI 0.06-1.25, p = 0.095). Risk factors for SCI and strokes in children with SCA and in the general population (table), in particular baseline systolic blood pressure and baseline hemoglobin levels, were not associated with new or progressive SCI, with hazard ratio of 1.02 (95% CI 0.98-1.07, p = 0.32) and 1.14 (95% CI 0.70-1.85, p = 0.59), respectively, with no missing data.
Discussion
Silent infarcts increase in prevalence with age with no evidence of a plateau through 30 years of age. 2 In this prospective cohort study, we report both the incidence and risk factors for SCI among adults with SCA, which have been poorly characterized previously. Using baseline and follow-up MRI of the brain, we demonstrated that preexisting SCI is a significant risk factor for cerebral infarct recurrence.
A retrospective Italian sickle cell disease cohort study evaluated the effect of hydroxyurea on morbidity and mortality. 9 Investigators also found that SCI was a risk factor for recurrent SCI with a median follow-up duration of 7 years and mean hydroxyurea dose of 16 mg/kg/d. This study population is not generalizable to the SCA population in the United States because of phenotypic heterogeneity: <50% of their cohort vs >90% of our cohort had HbSS. Furthermore, this prior study utilized imaging reports rather than central neuroradiologist review of MRIs to determine presence and progression of SCI.
Unlike children with SCA in whom abnormal transcranial Doppler (TCD) velocity is a predictor of first stroke, 7 abnormal TCD velocities are uncommon in adults, 7 and TCD measurements have not been demonstrated to have clinical utility for predicting stroke risk in adults with SCA. 8 Based on our findings and those of others, 9 the presence of SCI is a predictor of future infarct recurrence in adults with SCA, similar to children with SCA. However, the rate of new cerebral injury in our study, 12.9 events per 100 patient-years, is significantly higher than the rate of new SCI in untreated children with existing SCI, at 4.8 events per 100 patientyears. 5 Hydroxyurea is one of only 2 approved therapies for SCA and has not been studied for stroke prevention in adults; our sample size and study design preclude a statement about the effectiveness of hydroxyurea therapy to prevent SCI recurrence. Our data demonstrate that treatments are needed to prevent progressive infarcts in this population. In summary, similar to children with SCA and SCIs, adults with SCA are at significant risk of new or progressive infarcts. Novel neuroimaging strategies may identify the subgroup of adults with SCIs at highest risk of infarct recurrence to facilitate stroke prevention trials.
